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Isopimaric acid (IPA) exhibits a diverse array of pharmacological activities, having been shown to function as an antihypertensive,
antitumor, antibacterial, and hypocholesterolemic agent. However, few studies of the pharmacokinetics of IPA have been
performed to date, and such analyses are essential to explore the in vivo mechanisms governing the biological activity of this
compound. As such, we herein designed a selective LC-MS approach capable of quantifying serum IPA levels in model rats
using an Agilent HC-C18 column (250mm× 4:6mm, 5 μm) via isocratic elution with a mobile phase composed of methanol
0.5% formic acid (91 : 9, v/v) at a 1mL/min flow rate. Ion monitoring at m/z 301.2 [M-H]- was used to quantify IPA levels in
plasma samples from these rats, while internal standard (IS) levels were assessed at m/z 455.3 [M-H]-. After validation, this
approach was employed to conduct a pharmacokinetic analysis of rats administered IPA via the oral (p.o. 50, 100, or
200mg/kg) and intravenous (i.v. 5mg/kg) routes. Analyses of noncompartmental pharmacokinetic parameters revealed that
IPA underwent secondary absorption following oral administration to these animals, with the two tested oral doses (50 and
100mg/kg) being associated with respective absolute bioavailability values of 11.9% and 17.5%. In summary, this study may
provide a foundation for future efforts to explore the mechanistic basis for the pharmacological activity of IPA, offering
insights to guide its subsequent clinical utilization.

1. Introduction

Rosin acids including isopimaric acid (IPA), sandaracopi-
maric acid, and pimaric acid are major bioactive derivatives
of Pinus genus member plants. Pharmacological activities of
these acids have shown them to exhibit diverse effects
including hypocholesterolemic activity [1], antigastric ulcer
activity [2], blood glucose lowering activity [3], and macro-
cyte clumping activity [4]. IPA is a diterpenoid containing
a double bond and methyl and ethenyl residues at C-12 that
has previously been reported to exhibit antibacterial [5],
antitumor [6, 7], and hypocholesterolemic activity [8], in
addition to being able to prevent high blood pressure via

the activation of a large conductance Ca2+ and K+ channel
[9, 10]. Preparations containing this compound, including
Kanglao, Cebai NO.V, and IPA capsules, are often used to
treat pulmonary tuberculosis patients in Chinese clinics,
wherein they have been found to exhibit marked efficacy
against this disease. IPA is the primary bioactive compound
in all three of these preparations, emphasizing its pharmaco-
logical utility [11, 12].

Pharmacokinetic profiling is vital to effective drug devel-
opment. To date, the only published reports regarding IPA
quantification have focused on employing an HPLC approach
to measure the levels of this acid in herbal medicine prepara-
tions using a methanol:water:acetic acid (60 : 37 : 3; v:v) mobile
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phase [12]. No studies have reported sensitive assays capable
of analyzing IPA levels or pharmacokinetics in biological fluid
samples. The development of such an assay, however, is essen-
tial to facilitate the clinical study of IPA pharmacokinetic and
pharmacodynamic properties.

LC-MS techniques combine the high-efficiency separa-
tion of LC with the high sensitivity and structural character-
ization abilities of MS, making these methods ideal for
assessing the levels of particular compounds of interest in
plants of biofluids [13–19]. Herein, we thus designed a sen-
sitive and specific LC-MS/MS approach to quantifying IPA
concentrations in rat plasma. After validating the accuracy,
precision, sensitivity, and specificity of this approach, we
applied it to study the pharmacokinetics of IPA following
its oral and i.v. administration in rats.

2. Materials and Methods

2.1. Reagents. IPA (purity >98%) and betulinic acid (internal
standard, IS; purity >98%) were, respectively, from Shanghai
Jianglai Biological Technology Co., Ltd. (Shanghai, China)
and the National Institute for the Control of Pharmaceutical
and Biological Products (Beijing, China). Burdick & Jackson
(Ulsan, Korea) provided HPLC grade methanol, whereas
Anaqua Chemical Supply Company (TX, USA) was the

source of HPLC grade formic acid. All other reagents were
of analytical grade.

2.2. Animals. Male Sprague-Dawley rats (220-250 g) from
Shanghai Slac Laboratory Animal Co., Ltd. (Shanghai,
China) (2018(hu)-08-0013) were housed in a climate-
controlled facility (22 ± 2°C, 46 ± 20% relative humidity,
12 h light/dark cycle) with unlimited food and water access.
After a 7-day acclimatization period, 20 rats were randomly
assigned to undergo the administration of IPA via p.o.
administration (50, 100, or 200mg/kg) or via i.v. injection
(5mg/kg) for pharmacokinetic analyses. All animal studies
received approval from the Animal Ethics Committee of
the Naval Military Medical University.

2.3. LC-MS/MS Conditions. An Agilent HC-C18 column
(250mm × 4:6mm, i.d. 5μm) and an Agilent SB C18 guard
column (12:5mm × 4:6mm, i.d. 5μm) were used to achieve
chromatographic separation with the Agilent 1100 HPLC
system (CA, USA) using a degasser (G1322A), quaternary
pump (G1311A), well-plate autosampler (G1367A; kept at
4°C and programmed to draw 40μL sample aliquots), and
a thermostated column compartment (G1316A). The iso-
cratic mobile phase was composed of methanol (A) and
0.5% formic acid in water (B) at a 91 : 9 ratio, with a flow rate
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Figure 1: Protonated molecular ions in the mass spectra for IPA (a) and betulinic acid (b).
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of 1mL/min. Columns were kept at 30°C, and each sample
was run for 13min.

An Agilent G1946D MS instrument with an ESI source
was used to detect IS and IPA in samples. A 1 : 4 postcolumn
split ratio was applied, with the mass spectrometer being

directly connected to the flow outlet using a three-way joint.
The following electrospray ionization conditions were uti-
lized: a capillary voltage of 3500V, nebulizer pressure of
40 psi, drying gas at 10 L/min at 350°C gas, and fragmentor
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Figure 2: Comparative chromatograms of selectivity of betulinic acid (IS) and IPA of blank plasma (a), spiked standard solution in blank
plasma (b), and rat plasma samples after administering (c). The peaks marked in chromatograms were as follows: (1): betulinic acid (IS) and
(2): IPA.

Table 1: Precision and accuracy of IPA in QC plasma (n = 3 days,
five replicates per day).

Spiked concentration
(ng/mL)

Intraday (ng/mL) Interday (ng/mL)

10 9:33 ± 1:48 10:3 ± 1:46
400 412:5 ± 1:16 386:3 ± 1:94
2000 2112:4 ± 1:44 1960:7 ± 2:06

Table 2: Matrix effects and extraction recovery for IPA and IS in
rat plasma (n = 5).

Analyte
Spiked concentration

(ng/mL)

Absolute
matrix effect

Extraction
recovery

Mean
(%)

RSD
(%)

Mean
(%)

RSD
(%)

IPA

10 111.5 11.6 113.4 9.5

400 119.0 7.1 103.9 4.9

2000 110.6 9.4 110.2 8.3
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voltage of 100V. Samples were quantitatively assessed in
negative ion mode with select ion monitoring (SIM), with
IPA and IS being recorded at m/z 301.2([M-H]-) and m/z
455.4([M-H]-).

2.4. Calibration and Quality Control Sample Preparation.
Methanol was used to prepare a 1.001mg/mL IPA stock solu-
tion that was diluted in methanol to yield working standard
samples that were subsequently used to prepare assay stan-
dards by adding 20μL of working standards to 100μL of blank
rat plasma, yielding samples with IPA concentrations of 4, 10,
50, 100, 400, 1000, 2000, and 4000ng/mL. Quality control
(QC) samples were prepared at three concentration levels
(10, 400, and 2000ng/mL) via the same approach. A working
IS solution was prepared by using methanol to dilute an
850.0μg/mL stock solution to 85μg/mL. These samples were
prepared for each analysis, were maintained at 4°C, and were
used after warming to room temperature.

2.5. Sample Preparation. Samples were prepared by extract-
ing IPA via combining 100μL rat plasma samples with
20μL of IS and 1mL of a mixture of ethyl acetate: n-hexane
(4 : 1). Samples were then vortexed in 1.5mL polypropylene
tubes for 1min and spun down for 5min at 1,500×g at
4°C, and 800μL supernatant aliquots were transferred to
fresh tubes and evaporated until dry using a speed vac con-
centrator. The remaining residue was then resuspended in
50μL methanol, vortexed for 1min, and spun down for
5min at 9,600× g. A 40μL supernatant aliquot from this
sample was then injected for LC-MS/MS assessment.

2.6. Methodological Validation

2.6.1. Selectivity Analysis. Chromatograms for six separate
blank plasma samples were compared to corresponding
chromatograms from plasma sample spiked with IS and
IPA at defined concentrations or with plasma samples from
rats collected following IPA administration in order to assess
LC-MS/MS analytical selectivity.

2.6.2. Linearity and Detection Limits. In order to establish
calibration curves, analyte-to-IS peak area ratios were plot-
ted against plasma concentrations with a 1/ x weighted lin-
ear least squares regression model. IPA quantification
linearity was evaluated using five independent analytical
runs assessing eight standards containing different IPA con-
centrations, with a correlation coefficient > 0:99 being indic-
ative of satisfactory linearity.

The lowest IPA concentration yielding a signal − to −
noise ratio ðSNRÞ ≥ 3 was defined as the lower limit of detec-
tion (LLOD), while the lowest concentration with an SNR

≥ 5 that could reliably be quantified with 80-120% accuracy
and <20 precision was defined as the lower limit of quantifi-
cation (LLOQ).

2.6.3. Precision and Accuracy. Precision and accuracy were
evaluated by assessing five replicate QC samples at the three
concentration levels within the assay linear range, with the
resultant values being, respectively, expressed as relative
standard deviation (RSD) and relative error (RE) values.
Accuracy and precision were measured on three consecutive
days to establish the consistency of these measures. An
RSD < 15% and an RE of ±15% were considered indicative
of satisfactory precision and accuracy, respectively.

2.6.4. Extraction Recovery and Matrix Effects. IPA extraction
recovery was assessed using five replicate samples at the
three QC concentration levels by examining differences in
the response ratios for extracted plasmaQC samples and those
of extracted blank plasma spiked to contain an identical IPA
concentration. Absolute matrix effects were defined by evalu-
ating relative peak areas of analytes in the extracted blank
plasma and comparing them to those of extracted methanol.
Relative matrix effects were determined based upon the RSD
of the mean peak areas of the analytes in the extracted blank
plasma. Matrix effects were considered to be negligible if ana-
lyte peak area ratios were from 85-115%.

2.6.5. Stability. IPA stability was examined by evaluating five
replicate samples at the three QC concentration levels in a
range of storage conditions. To measure short-term stability,
samples were maintained at room temperature for 2 h. Proc-
essed sample stability was measured by incubating them for
24 h in the room temperature autosampler. In addition,
long-term stability was measured following a 30-day storage
period at -20°C, and freeze-thaw stability was measured by
cycling samples from -20°C to 20°C three times. When the
assay values associated with these samples were within a ±
15% deviation from the nominal value, samples were consid-
ered to be stable.

2.7. Pharmacokinetic Study. After developing and validating
the above LC-MS/MS approach, it was employed to assess
the pharmacokinetics of IPA following its intravenous or
oral administration to rats as per the approved protocols dis-
cussed above. Briefly, after acclimatization, rats were fasted
for 12h and then randomized to undergo treatment with a
5mg/kg i.v. dose of IPA or with oral IPA doses of 50, 100,
or 200mg/kg (n = 5/group). All IPA solutions were prepared
in physiological saline and thoroughly mixed with CMC-Na.
Blood samples (~0.4mL) from these rats were collected in
heparinized tubes at 0, 0.083, 0.167, 0.25, 0.5, 0.75, 1, 2, 3,

Table 3: Stability of IPA in rat plasma (n = 5).

Spiked concentration(ng·mL-1)
Three freeze-thaw Short-term Postpreparative Long-term
Measured (ng·mL-1) Measured (ng·mL-1) Measured (ng·mL-1) Measured (ng·mL-1)

10 10:27 ± 0:56 9:65 ± 0:07 9:56 ± 0:88 10:79 ± 1:46
400 421:8 ± 1:08 407:0 ± 0:34 371:2 ± 1:44 363:5 ± 1:82
2000 1967 ± 0:34 1840 ± 1:6 2012 ± 0:12 1908:3 ± 0:92
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Figure 3: Continued.
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4, 6, 8, and 12 h following i.v. injection or at 0.167, 0.333, 0.5,
0.75, 1,1.5, 2, 4, 6, 8, 12, and 24 h following oral administra-
tion. Blood samples were spun for 5min at 1,500× g, after
which plasma was collected and stored at -20°C prior to
analysis.

2.8. Data Analysis. Plasma IPA concentrations were deter-
mined using the calibration curve established above based
on peak area ratios from individual injection samples. The
mean residence time (MRT0-t), area under the blood
concentration-time curve (AUC0-∞, AUC0-t), body
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Figure 3: Mean concentration-time curves in rat plasma after oral and intravenous administration of IPA (a) i.v. 5mg/kg, (b) p.o. 50mg/kg,
(c) p.o. 100mg/kg, and (d) p.o. 200mg/kg.
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clearance (CL/F), and elimination half-life (T1/2) were quan-
tified with the DAS 3.2.6 program (Chinese Pharmacology
Society) via a noncompartmental approach. Concentration-
time curves were used to establish maximum concentration
(Cmax) and time to maximum concentration (Tmax) values.
Data are given as means ± standard deviation (S.D.). Abso-
lute bioavailability (F %) was determined as follows: F% =
AUC0 −∞ðp:o:Þ dose ði:v:Þ/AUC0 −∞ði:v:Þ dose ðp:o:Þ ×
100%.

3. Results and Discussion

3.1. Methodological Development. To develop an approach to
quantifying plasma IPA levels, IPA responses to positive and
negative electrospray ionization across the full-scan mass
spectra were recorded, revealing better sensitivity in negative
ion mode. IPA and IS mass scan spectra and corresponding
chemical structures are shown in Figure 1. Quantitation was
conducted by selecting the most abundant fragmentation
ions in the spectra ([M-H]- m/z 301.2 for IPA and [M-H]-

m/z 455.3 for IS). In addition, ESI parameters were opti-
mized via flow injection analysis (FIA) using the IPA stan-
dards, with the following time segments being recorded: 8–
11min for IS m/z 455.3 and 11–14min IPA at m/z 301.2.

A range of mobile phases were tested to optimize separa-
tion conditions, revealing that a mobile phase made of
methanol:water:formic acid (91 : 9 : 0.5, v/v/v) was able to
facilitate good IPA and IS retention and sensitivity.

A liquid-liquid extraction approach was selected because
it excludes the potential adverse impacts of sodium and
potassium on the instrument owing to their involatility,
because it facilitates better extraction and a lower LLOQ
than IPA protein precipitation approaches and because it
allows for sample condensation, enabling the analysis of
samples with concentration ranges between the LLOD and
LLOQ that cannot otherwise be detected. A range of extrac-
tion solvents for IS and IPA were tested, including diethyl
ether and ethyl acetate with or without n-hexane. While
diethyl ether allowed for easy evaporation, it also often
causes emulsification, interfering with IPA recovery and sep-
aration. Ethyl acetate enabled aqueous and organic phase

separation, but the endogenous components interfered with
the associated chromatographic peaks. This disturbance was
eliminated when ethyl acetate and n-hexane were mixed at a
4 : 1 ratio.

3.2. Methodological Validation

3.2.1. Selectivity. IPA and IS representative chromatograms
are shown in Figure 2, with these two compounds exhibiting
respective retention times of approximately 11.8min and
10.4min. No interference from endogenous compounds
was detected at these retention times.

3.2.2. Linearity, LLOD, and LLOQ. Calibration curves for
IPA remained linear from 4 to 4000 ng/mL, with a least
squares regression equation of y = 1:548x − 0:0047 (r =
0:9987) and with deviations of <15% for all tested calibra-
tion concentrations. IPA had an LLOQ of 4 ng/mL and an
LLOD of 2 ng/mL, with these values being sufficiently low
to permit pharmacokinetic studies of IPA in rats.

3.2.3. Precision and Accuracy. The results of IPA precision
and accuracy analyses of five replicates of three QC sample
levels are shown in Table 1. Intra- and interassay precision
values for IPA were from 5.8-7.4% to 7.3-10.3%, respectively,
while respective accuracy values ranged from -6.7 to 5.6%
and -3.5 to 2.9%. These results indicated that this LC-
MS/MS approach was a reliable means of reproducibly
quantifying plasma IPA levels.

3.2.4. Matrix Effects and Recovery. For IPA QC samples at
the low, medium, and high concentrations, the matrix effect
values were 131.5%, 129.0%, and 120.6%, respectively, with
RSD values from 7.1 to 11.6% (Table 2), consistent with an
absence of significant matrix effects under the tested condi-
tions. IPA recovery rates ranged from 103.9 to 113.4% at
these three QC levels (Table 2), which were met the require-
ments of Chinese Pharmacopoeia, in which the relative
recovery rate measured at the high and medium concentra-
tion points should be 85~115%, and the low concentration
should be 80~120%. Precision values corresponding to IPA

Table 4: Pharmacokinetic parameters of IPA in rats following p.o or i.v. administration.

PK parameters
i.v. p.o.

5 (mg/kg) 50 (mg/kg) 100 (mg/kg) 200 (mg/kg)

Cmax1 (ng·mL-1) 1740:1 ± 456:0 83:7 ± 32:9 296:4 ± 75:1 246:23 ± 94:4
Tmax1 (h) 0 ± 0 0:9 ± 0:1 0:6 ± 0:3 0:65 ± 0:1
Cmax2 (ng·mL-1) / 61:6 ± 46:2 284:9 ± 183:4 286:9 ± 217:2
Tmax2 (h) / 6:4 ± 2:6 6:0 ± 1:4 8:80 ± 1:1
AUC(0~24) 744:7 ± 139:9 886:6 ± 636:2 2604:5 ± 1629:2 3184:7 ± 1721:0
AUC(0~∞) (ng·h·mL-1) 818:4 ± 66:2 923:3 ± 613:7 2643:9 ± 1640:0 3193:4 ± 1719:7
CL/F (L·h-1) 6:1 ± 0:5 70:3 ± 33:7 59:0 ± 44:0 79:8 ± 42:0
t1/2 (h) 6:6 ± 5:9 10:4 ± 9:8 5:5 ± 2:3 3:6 ± 1:0
MRT (h) 1:4 ± 0:4 9:3 ± 1:3 7:6 ± 1:3 7:9 ± 0:5
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recovery were all <9.5%, indicative of reproducible and con-
sistent recovery.

3.2.5. Stability. IPA stability in rat plasma samples was tested
for three different QC sample concentrations as shown in
Table 3, revealing that all samples remained stable in plasma
following a 3 h room temperature incubation, 30 days of
storage at -20°C, or 3 rounds of freeze-thawing. Postprepara-
tion stability analyses similarly indicated that samples
remained stable when stored at room temperature for 24 h
in the autosampler.

3.2.6. Analysis of the Pharmacokinetics of IPA. Having suc-
cessfully validated our LC-MS/MS approach, we next
employed it to conduct a pharmacokinetic study of IPA
levels in rats that were given IPA either intravenously
(5mg/kg) or orally (50, 100, or 200mg/kg) in a single dose
(n = 5 rats/group). Mean IPA plasma concentration-time
profiles for these rats are shown in Figure 3, and key phar-
macokinetic parameters calculated with a noncompartmen-
tal model are compiled in Table 4. In rates intravenously
administered IPA, the plasma concentration-time profiles
revealed the rapid clearance of this compound, whereas
multiple IPA plasma peaks were evident in rats adminis-
tered this acidic compound via the oral route. The majority
of drugs are administered orally, and a range of complex
factors influence the dynamics of drug absorption into cir-
culation [20]. Factors such as gastric emptying rate, gas-
trointestinal motility, and systemic metabolism can all
influence oral drug bioavailability and pharmacokinetics
[21]. When bioavailability values for these rats were deter-
mined as detailed in our Materials and Methods section,
the low and intermediate oral IPA doses exhibited respective
bioavailability levels of 11.9% and 17.5%, whereas the value
for the high IPA dose was outside of our linear analysis range.
The primary pharmacokinetic parameters calculated for rats
in the 50, 100, and 200mg/kg oral IPA groups included Tmax1
values of 0:9 ± 0:1, 0:6 ± 0:3, and 0:65 ± 0:1, respectively, as
well as respective Tmax2 values of 6:4 ± 2:6, 6:0 ± 1:4, and
8:80 ± 1:1, and respective half-lives of 10:4 ± 9:8, 5:5 ± 2:3,
and 3:6 ± 1:0h with the AUC0-24 rising disproportionately
with increasing IPA dose. As such, these data suggest that
IPA exhibits nonlinear pharmacokinetic properties in rats
across the tested dose range. In addition, there were two peak
concentrations at oral administration, suggesting that IPA
might be reabsorbed in the rat intestine. Last but not least,
the peak concentrations of 100mg/kg and 200mg/kg were
very similar, suggesting that 100mg/kg might be the maxi-
mum absorption concentration. Thus, 100mg/kg could be a
recommended dosage for isopimaric acid for rats.

4. Conclusions

Herein, we successfully developed a reliable, sensitive, and
specific LC-MS/MS-based approach to detecting IPA in rat
plasma. After validating this assay, we leveraged it to con-
duct a study of the pharmacokinetics of orally or intrave-
nously administered IPA in rats, providing an important
foundation for future research.

Data Availability

The statistical data used to support the findings of this study
are available from the corresponding author upon request.

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

Doudou Huang, Jiaxi Cheng, Junqin Mao, and Senlin Ma
contributed equally to this work.

Acknowledgments

This research project was supported by the National Science
Fund for Distinguished Young Scholars (No.81325024).

References

[1] Y. Fujita, Y. Yoshikuni, T. Sotomatsu et al., “New Hypocholes-
terolemic abietamide derivatives. II. Synthesis and hypocho-
lesterolemic activity of N-Phenyl-.DELTA.8-
dihydroabietamides,” Chemical & Pharmaceutical Bulletin,
vol. 39, no. 5, pp. 1193–1198, 1991.

[2] Y. Ito, Y. Onoda, S. Nakamura et al., “Effects of Cholesterol
Loading on Autoimmune MRL-lpr/lpr Mice: Susceptibility to
Hypercholesterolemia and Aortic Cholesterol Deposition,”
Japanese Journal of Pharmacology, vol. 62, no. 2, pp. 175–
181, 1993.

[3] T. D. Aicher, R. E. Damon, J. Koletar et al., “Triterpene and
diterpene inhibitors of pyruvate dehydrogenase kinase
(PDK),” Bioorganic & Medicinal Chemistry Letters, vol. 9,
no. 15, pp. 2223–2228, 1999.

[4] H. T. A. Cheung, S. L. Fu, andM. A. Smal, “Inhibition of plate-
let aggregation by diterpene acids from Pinus massoniana
resin,” Arzneimittel-Forschung, vol. 44, no. 1, pp. 17–25, 1994.

[5] E. Smith, E. Williamson, M. Zloh, and S. Gibbons, “Isopimaric
acid fromPinus nigra shows activity against multidrug-
resistant and EMRSA strains ofStaphylococcus aureus,” Phy-
totherapy Research, vol. 19, no. 6, pp. 538–542, 2005.

[6] R. Tanaka and Y. Ezaki, Carcinogenesis Promotion Inhibitor
Compositions and Method for Inhibition of the Promotion, JP,
2006083077 a[P], 2006.

[7] E. Hartmann, B. Renz, and J. A. Jung, “Untersuchungen über
Bakterien- und Pilzhemmstoffe in höheren Pflanzen,” Journal
of Phytopathology, vol. 101, no. 1, pp. 31–42, 1981.

[8] T. S. Jeong, W. S. Lee, and H. C. Kim, Novel Abietane Diterpe-
noid Compounds from Torreya Nucifera for Prevention and
Treatment of Cardiovnscular Disease, WO, 2005084141A2[P],
2005.

[9] Y. Imaizumi, K. Sakamoto, and A. Yamada, “Molecular basis
of pimarane compounds as novel activators of large conduc-
tance Ca2+-activated K+ channel a-subunit,” Molecular Phar-
maceutics, vol. 62, pp. 836–846, 2002.

[10] C. M. I. Babergh, B. Isomaa, and J. E. Ericksson, “The resin
acids dehydroabietic acid and isopimaric acid inhibit bile acid
uptake and perturb potassium transport in isolated hepa-
tocvtes from rainbow trout (Oncorhynchus mykiss),” Aquatic
Toxicology, vol. 23, no. 3-4, pp. 169–179, 1992.

8 BioMed Research International



[11] L. F. Cheng and X. J. Cui, “Quality control for Kanglao cap-
sules,” China Pharmacist, vol. 27, pp. 702-703, 2007.

[12] L. F. Cheng, X. J. Cui, and H. Y. Ma, “Determination of isopi-
maric acid in leaves of Platycladus orientalis and its prepara-
tions Cebai NO.V Capsula and lsopimaric acid Capsula by
HPLC,” China Traditional Herb Drugs, vol. 4, p. 521, 2007.

[13] H. Jiang, M. J. Cannon, M. Banach et al., “Quantification of
CLR1401, a novel alkylphosphocholine anticancer agent, in rat
plasma by hydrophilic interaction liquid chromatography-
tandemmass spectrometric detection,” Journal of Chromatogra-
phy B, vol. 878, no. 19, pp. 1513–1518, 2010.

[14] L. Guo, H. Wu, H. Yue, S. Lin, Y. Lai, and Z. Cai, “A novel and
specific method for the determination of aristolochic acid-
derived DNA adducts in exfoliated urothelial cells by using
ultra performance liquid chromatography-triple quadrupole
mass spectrometry,” Journal of Chromatography B, vol. 879,
no. 2, pp. 153–158, 2011.

[15] D. du, B. Gao, G. Xin et al., “Determination of deltonin in rat
plasma by using HPLC-MS/MS and the application of this
method in pharmacokinetic studies,” Journal of Chromatogra-
phy B, vol. 931, pp. 1–5, 2013.

[16] Y. Song, S. Zhang, H. Liu, and X. Jin, “Determination of gen-
kwanin in rat plasma by liquid chromatography-tandem mass
spectrometry: application to a bioavailability study,” Journal of
Pharmaceutical and Biomedical Analysis, vol. 84, pp. 129–134,
2013.

[17] Q. Liu, X. Liao, J. Xu, J. Zhao, J. Luo, and L. Kong, “Develop-
ment and validation of a sensitive and selective LC-MS/MS
method for the determination of trans δ-veniferin, a resvera-
trol dehydrodimer, in rat plasma and its application to phar-
macokinetics and bioavailability studies,” Journal of
Chromatography B, vol. 958, pp. 124–129, 2014.

[18] S. Gu, G. Zhu, Y. Wang et al., “A sensitive liquid
chromatography-tandemmass spectrometry method for phar-
macokinetics and tissue distribution of nuciferine in rats,”
Journal of Chromatography B, vol. 961, pp. 20–28, 2014.

[19] Q. Gu, X. Shi, P. Yin, P. Gao, X. Lu, and G. Xu, “Analysis of
catecholamines and their metabolites in adrenal gland by liq-
uid chromatography tandem mass spectrometry,” Analytica
Chimica Acta, vol. 609, no. 2, pp. 192–200, 2008.

[20] H. W. Zhou, J. Q. Shen, M. Lu, W. Q. Liang, W. Lin, andW. H.
Zhao, “Pharmacokinetic analysis of enterohepatic circulation
of piroxicam in rabbits,” Acta Pharmacologica Sinica, vol. 13,
no. 2, pp. 180–182, 1992.

[21] R. L. Oberle and G. L. Amidon, “The influence of variable gas-
tric emptying and intestinal transit rates on the plasma level
curve of cimetidine; an explanation for the double peak phe-
nomenon,” Journal of Pharmacokinetics and Biopharmaceu-
tics, vol. 15, no. 5, pp. 529–544, 1987.

9BioMed Research International


	The LC-MS/MS-Based Measurement of Isopimaric Acid in Rat Plasma and Application of Pharmacokinetics
	1. Introduction
	2. Materials and Methods
	2.1. Reagents
	2.2. Animals
	2.3. LC-MS/MS Conditions
	2.4. Calibration and Quality Control Sample Preparation
	2.5. Sample Preparation
	2.6. Methodological Validation
	2.6.1. Selectivity Analysis
	2.6.2. Linearity and Detection Limits
	2.6.3. Precision and Accuracy
	2.6.4. Extraction Recovery and Matrix Effects
	2.6.5. Stability

	2.7. Pharmacokinetic Study
	2.8. Data Analysis

	3. Results and Discussion
	3.1. Methodological Development
	3.2. Methodological Validation
	3.2.1. Selectivity
	3.2.2. Linearity, LLOD, and LLOQ
	3.2.3. Precision and Accuracy
	3.2.4. Matrix Effects and Recovery
	3.2.5. Stability
	3.2.6. Analysis of the Pharmacokinetics of IPA


	4. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

